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Introduction

* GIM enhancements at JPL for 2D ionospheric products

 Increased temporal and spatial resolution

« Latitude dependent mapping function

* Routine validation of receiver bias estimates using
SCORE

* Global lonospheric Assimilative Model (GAIM) 3D products —
post-processed and real-time GAIM products ingesting

« ground based GPS and GLONASS measurements
« space-based data (COSMIC and C/NOFS)

« Estimating high precision ionospheric TEC perturbations.
New and upcoming applications for natural hazard imaging
and early warning systems

« Tsunami modeling and imaging using TEC observations
« Volcanic eruptions and nuclear tests imaging
« Monitoring TIDs, high and low-latitude disturbances

Conclusions
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Comparison of JPLI with Other Products @’
for Feb 6, 2011
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JPLG, IGS IONEX product resolution: 2.5 x 5.0
degrees at every 2 hours

New JPLI IONEX file resolution: 1 degree by 1
degree at every 15 minutes — the highest
operational GIM product resolution

Regular gridded IONEX format .
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Comparison of JPLI with Other Products

for Feb 6, 2011
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Routine Daily Bias Comparisons with SCORE Algorithm @/
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Global Assimilative lonospheric Model @/
Data Assimilation Process

Driving - Physics ‘ Mapping State
To Measurements

Forces Model
Adiust ¢ State and State and
ustmen ) .
of Pajr ameters covariance covarla.nce Innovation Vector
Forecast Analysis
4DVAR Kalman Filter

* 4-Dimensional Variational Approach « Kalman Filter
* Minimization of cost function by estimating * Recursive Filtering
drlvm_g parameters o » Covariance estimation and state
* Non-linear least-square minimization correction
+ Adjoint method to efficiently compute the Optimal interpolation

gradient of cost function

e “ g ” Band-Limited Kalman filter
 Parameterization of model “drivers

July 23-27, 2012 IGS Workshop, Olsztyn, Poland



GAIM and Nested GAIM Grids
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Slant TEC
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Typical Ground GPS and COSMIC for Sept 21, 2010
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COSMIC and C/NOFS Coverage on Nov 21, 2008 @/
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Real-Time GAIM: Assimilating @’
Ground TEC and COSMIC Measurements

Global ground network data: 5-minute and 1-hour latency

COSMIC data: 20 - 120 minutes latency
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Slant TEC Residuals in TECU
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20 Station JPLV for April 7, 2012 Using GPS Data @

15} All GPS Satellites 1

1.0 . ] Station JPLV Tracking GPS +
GLONASS

Bandpass-filtered TEC in TECU

Station JPLV for April 7, 2012 Using GLONASS Data

2.0
-15r « « Detrended Raw TEC Obs
» + Bandpass-Filtered TEC 15F -
-2.05 z o o5 All GLONASS Satellites
GLONASS and GPS Compatrisons for IPP Locations at JPLV on April 7, 2012 1.0 i ]
©  GPS

~IPP Locatioqg

n
=]

Latitude in Degrees
©
&

Bandpass-filtered TEC in TECU

@
S
T

25+

-1.5F « « Detrended Raw TEC Obs ]
X 30 2 20 g 10 s -100 - Bandpass-F”tered TEC

Longitude in Degrees _2 0 1 1 1

Y0 5 10 15 20

Time in Hours

July 23-27, 2012 IGS Workshop, Olsztyn, Poland




EE— Local Time in Hours

Receiver JPLV for April 7, 2012 Using GLONASS Data
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Global Natural Hazard Imaging Using IGS Stations on
March 10-12, 2012
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COSMIC Space-Borne TEC Measurements
for Sept 29, 2009 Samoa Earthquake
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GRL, 2011 Reported lonospheric
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aaaaaaaa for 100 GEONET Stations for GPS55 on March 10
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Tohoku Tsunami:
March 11, 2011 @
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in More Than Just the Ocean

Galvan, D. A., A. Komjathy, M. P. Hickey, P. Stephens, J. Snively, Y. Tony Song, M. D. Butala, and A. J. Mannucci (2012),
lonospheric signatures of Tohoku-Oki tsunami of March 11, 2011: Model comparisons near the epicenter, Radio Science, 47,
RS4003, doi:10.1029/2012RS005023.
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Conclusions @/

« Continuing improvements for JPL 2D and 3D ionospheric products
 Validating of various products and biases are ever more important

« Assimilation of Ground GPS + COSMIC + C/NOFS shows improved
agreement with ionosonde measurements of Nmf2 and Hmf2.

* Now and upcoming applications include GAIM-based natural hazards
generated TEC perturbation imaging and modeling of earthquakes,
volcanic eruptions, tsunamis.

» Detecting TEC perturbations using ground and space-based data

* New science applications: estimating acoustic and gravity wave speeds and
direction

« Community seems to pushing earthquake precursors: several papers have
been published by others — we are skeptical!

« This research was performed at the Jet Propulsion Laboratory/California
Institute of Technology under contract to the National Aeronautics and
Space Administration
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